Neuroendocrine tumours associated with the gut were described in the early 20th century, although their true nature was not recognised. In 1907 Oberndorfer labelled them "karzinoide tumoren",' a name which, in its English translation as carcinoid tumours, has been in widespread use ever since.
Neuroendocrine tumours associated with the gut were described in the early 20th century, although their true nature was not recognised. In 1907 Oberndorfer labelled them "karzinoide tumoren",' a name which, in its English translation as carcinoid tumours, has been in widespread use ever since.
Despite the fact that many carcinoid tumours appear to infiltrate diffusely surrounding tissues they often behave much less aggressively than adenocarcinomas and as a result have a much better prognosis. 23 Moreover, these tumours are often associated with symptoms related to excessive or inappropriate release of hormones.24 Although the morphology of most types of carcinoid tumours is distinctive and the diagnosis is usually strongly suspected before special stains are used, it can be variable. Some tumours, especially the less well differentiated or mucinous types, can present a diagnostic problem,56 and it is in these cases that further investigations are needed. 7 Until recently the stains used routinely for confirmation of the diagnosis of carcinoid tumour were of the argyrophil, argentaffin, or diazo types. The success of argentaffin and diazo, however, depends on the presence of large amounts of 5-hydroxytryptamine Accepted for publication 6 October 1987 (5HT) within the tumour cells, and the argyrophil methods are not entirely specific.&' Over the past few years immunocytochemical techniques have become more widespread in routine laboratories, and it has been suggested that immunocytochemital localisation of 5HT "provides a simpler, more reliable procedure for the diagnosis of carcinoid tumours". 9 This study was undertaken to investigate that claim in a routine laboratory setting, paying special attention to subgroups ofcarcinoid tumours that may cause diagnostic difficulty and including in the series other neuroendocrine and non-neuroendocrine tumours.
Material and methods
A search was made of the files of the histopathology departments of the Leicester Royal Infirmary and Leicester General Hospital. All specimens diagnosed as carcinoid tumours from April 1981 until January 1986 (the period for which computer records were available) were included in the series. Further searches were made to identify other neuroendocrine tumours. Where adequate tissue was available one or two blocks from each specimen were recut and sections were stained as detailed below. All tissues had undergone fixation for 12 to 36 hours in unbuffered formalin before routine processing and paraffin embedding.
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STAINING
The sections were stained with haematoxylin and eosin, an argyrophil stain, an argentaffin stain, immunocytochemistry for 5HT, and where appropriate, periodic acid Schiff-diastase to show mucin. The method of Churukian and Schenk was used as the argyrophil stain; this is now used as a routine method in Leicester and has been reported to be more sensitive than other argyrophil stains.'0 The reaction conditions differ from other argyrophil techniques but the method is similar to, and no more difficult than, a standard Grimelius stain. The standard Masson-Fontana technique was used for the argentaffin reaction.
IMMUNOCYTOCHEMISTRY
The technique used was an indirect immunoperoxidase method similar to that previously described.9" The primary antibody was a commercially available rat monoclonal (YC5/45 Seralab Ltd) which has been well characterised.'2 '3 It is directed against a formaldehyde condensation derivative of 5HT rather than 5HT itself and is therefore not suitable for use with material which has not been exposed to formalin or formaldehyde vapour. The sections were dewaxed, rehydrated, and endogenous peroxidase was blocked with acidified methanol. To reduce background staining they were preincubated with normal rabbit serum. The primary antibody was applied diluted 1 in 500 in phosphate buffered saline (PBS) and incubated overnight at 4°C. After washing with several changes of PBS the rabbit antirat HRP conjugated secondary antibody (Miles), diluted 1 in 50 in PBS, was applied at room temperature. The sections were washed and the peroxidase localised using the diaminobenzidine hydrogen peroxide reaction.
Enterochromaffin cells were present in many sections and acted as internal positive controls; otherwise normal ileum was used as a positive control. Negative Other neuroendocrine material apart from carcinoid tumours which were tested included oat cell carcinomas, phaeochromocytomas, a medullary carcinoma of thyroid and a paraganglioma.
In an effort to provide suitable non-neuroendocrine tumours to act as negative controls a selection of primary and secondary tumours from the gastrointestinal tract, which had posed diagnostic difficulty were tested. In all these cases electron microscopical examination had been performed and a reliable diagnosis had eventually been made. This latter group comprised lymphomas, malignant melanomas, and poorly differentiated carcinomas. A small number of obvious adenocarcinomas of gastrointestinal tract origin were also included.
Results
Fifty nine surgical and two necropsy cases of tumours previously diagnosed as carcinoid tumours were identified from the records. All these tumours were included in the study on the basis of their morphology (23) 1 (2) 10 (15) 5 (8) 66 alone, although the previous diagnosis was often made with the help of special stains. The 61 cases included three repeat specimens with appearances identical with those of the initial biopsy specimens. (fig 1) . Invariably where the argentaffin reaction was present 5HT could be shown immunohistochemically, although in many cases the reaction was less noticeable and less distinct than in both silver stains. The unreactive areas were often within larger specimens where fixation had been delayed. In a small number of cases, rather than the reaction product being concentrated at the periphery of cell islands as in the silver stains, there was a more homogeneous reaction throughout the cell group with only slight accentuation at the periphery (fig 2) .
In almost all the cases in which 5HT was detected 
The sensitivity of immunocytochemical detection of 5HT as a marker for carcinoid tumours lies somewhere between the two silver stains with an 81% pick up rate in this study. As found previously,9 the best results were in midgut tumours with fewer positive results in foregut and hindgut tumours.
As expected,7 there was no absolute correlation between site, staining pattern, and morphological subtype. In general terms, however, subtypes A and E are usually found in midgut tumours, stain positively with argentaffin methods, and are immunoreactive for 5HT. Subtypes B and D tend to be derived from foregut and hindgut structures, are not usually argentaffin positive, but 5HT can be detected in about half the foregut tumours.2 Only a small number of hindgut carcinoids have been tested, and further data are required before any general conclusions can be reached. Churukian Schenk argyrophilia is consistently present across the whole range of morphologies and sites.
It has been claimed that immunocytochemistry for 5HT has advantages over argyrophilia as an aid to the diagnosis of carcinoids due to its greater specificity.9 This study and another'5 have shown that 5HT is focally detectable in otherwise unremarkable colonic adenocarcinomas, and focal 5HT has been found in non-endocrine gastric carcinomas.'6 From these observations it can be seen that problems may arise when using these techniques to interpret the nature of tumours with only focal cells containing 5HT. Thus it has been recommended that carcinoid tumour is diagnosed only when a high proportion of cells within a tumour show neuroendocrine features. In this study and others9 many tumours showed diff-use argyrophil positivity, confirming a diagnosis of carcinoid, but only focal immunoreactivity for 5HT. If this latter method was used alone problems in interpretation could have arisen.
It has been recognised that argentaffin positivity does not always go hand in hand with immunodetectable 5HT in a particular cell, especially in the foregut,'7 but also in other carcinoids.4 Similar discrepancies were noted in this study. These included the observations that immunologically detectable 5HT is present throughout the tumour islands, as opposed to the peripheral staining of both silver techniques, and also that less 5HT was present in the centre than at the periphery of larger tumours. The former observation is presumably due to the greater sensitivity of the immunological technique in detecting 5HT'7 and the latter to the vulnerability of this technique to inadequate fixation.
A possible explanation for these observations is that a labile pool of 5HT exists in the cytoplasm of the cell, not just within neurosecretory granules,'8 and it is perhaps this more immunologically accessible pool that is detected by immunocytochemistry. Serotonin when not confined to neurosecretory granules is a highly soluble substance and any delay in fixation, which conjugates and immobilises it to protein, may lead to the loss of this pool from the cell. Such a delay may explain the increased background staining in many specimens which could be due to the antibody detecting 5HT lost from the cells.
Many techniques have been suggested as being of use in the diagnosis of carcinoid tumours. These include histochemical methods such as argyrophil, argentaffin, lead haematoxylin and diazo techniques, immunocytochemical methods with antibodies to serotonin, neuron specific enolase (NSE), prealbumin, PGP 9 5 and many peptide hormones, and electron microscopy.
A good diagnostic screening test would use easily obtainable reagents, be easily performed in routine laboratories, and be quick, cheap, sensitive and specific. This perfect method does not exist and it is inevitable that compromises have to be made. Reagents for all the above methods are available commercially. Electron microscopy would be useful in many cases but suitable tissue is not always available and some centres do not have routine access to such equipment. Many laboratories now have facilities for immunocytochemistry, however, and the other methods pose no particular problems.
The time taken for each method varies. In this study incubation overnight was used but this has been reduced to four hours with little apparent loss of sensitivity.9 This means that all the methods mentioned can be performed within one day and some of the histochemical methods, in particular, can be performed in a few hours.
Some reported results of each method over the past 15 years are summarised in table 5. These were all retrospective studies and used selected material in which carcinoid tumour was diagnosed by other criteria, usually morphological, so these series give neither the true sensitivity nor the true specificity of a particular method. Cases may be duplicated and methods vary slightly. Moreover, in many studies a tumour was considered to be positive even ifonly a few cells were reactive. As mentioned above, this could cause problems in interpretation and may lead to a decrease in the diagnostic sensitivity.
There is a need for prospective studies to be done on a wide range of material to get a clear idea of each method's efficacy. It is often only in routine work that some have been found to have inadequate specificity for diagnostic use as has been suggested for immunolocalisation with NSE.'9 Conversely, the tumours which do not conform to the usual morphological criteria are often not even investigated with special stains, the diagnosis of carcinoid not being suspected. Shaw These caveats taken into consideration, table 5 shows that the immunocytochemical demonstration of NSE and the Churukian-Schenk argyrophil stain identify the greatest number of carcinoid tumours. Both score over other methods in their ability to identify hindgut carcinoids. Doubts on the specificity of both methods, however, have been expressed. The use of antibodies to prealbumin and PGP 9 5 has potential but experience is limited. Of the other argyrophil methods, the Grimelius stain seems to be more sensitive and has been well tried. There is no advantage, except perhaps one of cost, in using the Masson Fontana or diazo reactions to show 5HT, as immunocytochemical methods are more sensitive and more specific. 8 3 Either the immunocytochemical demonstration of NSE or Churukian Schenk argyrophil staining seems to be useful as an initial screening test. Both identify most carcinoids, but confirmation of the diagnosis requires identification of secretory products within cells either by specific antisera or electron microscopy. It is in this secondary role that immunocytochemical detection of 5HT would find its place as it is not diagnostically sensitive enough to use alone as confirmation of the neuroendocrine nature of a tumour. 
